Reveals the possible influence of trichloroethylene (TRI) and tetrachloroethylene (perchloroethylene, PER) via drinking water on the body burden resulting from a study of 55 subjects with no known solvent exposure, selected from the residents of the city of Zagreb. TRI and PER were determined in blood and their metabolite trichloroacetic acid (TCA) in plasma and urine. Drinking water samples were also analysed for TRI and PER. TRI concentrations in the blood ranged from <0.015-0.09 µg/L, PER <0.010-0.239 µg/L, TCA in plasma 8.6-123.97 µg/L, in urine 1.67-85.18 µg/24 h, TRI in drinking water 2.58-22.93 µg/L and PER 0.63-7.33 µg/L. Correlation analyses reveal significant relationships between TRI and PER in blood (r = 0.428; p = 0.0014), TRI and PER in drinking water (r = 0.767; p = 0.0000), TCA in urine and TCA in plasma (r = 0.629; p = 0.0000), ln TRI in drinking water and ln TCA in plasma (r = 0.322; p = 0.0164) and urine (r = 0.348; p = 0.0093), ln PER in drinking water and ln TCA in plasma (r = 0.370; p = 0.0055) and urine (r = 0.345; p = 0.0098). The latter quantitative relationships between both ln TRI and ln PER in drinking water relate to ln TCA in plasma and urine and may indicate TCA as a possible biologic marker of environmental exposure to TRI and PER.
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Introduction
Volatile chlorinated hydrocarbons are released in great amounts into the environment from various industrial processes. Among them chloroform, 1,1,1-trichloroethane, trichloroethylene and tetrachloroethylene are of particular interest. These are volatile, poorly biodegradable chemicals with a world-wide circulation within the air/water system. Contamination of ground water by chlorinated hydrocarbons has become a serious issue in many countries [1] [2] [3] [4] [5] [6] [7] . Throughout the United States the halogenated hydrocarbons most frequently detected in ground water are trichloroethylene, tetrachloroethylene and 1,1,1-trichloroethane [6] .
Studies of general population exposure to chlorinated hydrocarbons are still scarce and inadequate, in contrast to those of occupational exposure especially to trichloroethylene and tetrachloroethylene. A few studies [3, [8] [9] [10] have attempted to assess simultaneously general population exposure to chlorinated hydrocarbons and their body burden. Ziglio et al. [3] analysed trichloroacetic acid in plasma and Wallace et al. [8, 10] examined selected chlorinated hydrocarbons (among other compounds) in exhaled breath. Hajimiragha et al. [9] performed analyses of chloroform, 1,1,1-trichloroethane, trichloroethylene and tetrachloroethylene in blood and of trichloroacetic acid in serum and urine though not in the same persons.
The possible total human load by chlorinated hydrocarbons in air, water and food has been theoretically evaluated [1, 11] . Wallace et al. [8] estimated that drinking water usually supplies less than 1 per cent of the total daily intake for most investigated chemicals. However, the growing use of halogenated hydrocarbons could enhance contamination of rivers, lakes and underground water supplies because of careless disposal or accidents, thus adding to the burden of halogenated hydrocarbons. The actual health risk will depend on the level of exposure, the toxicity of the contaminant and a person's susceptibility conditioned by state of health, diet, age or genetic predisposition. In general, the health risk resulting from absorption of halogenated hydrocarbons through various routes of exposure seems to be low in comparison to other risks.
This study was designed to assess, using biological monitoring, general population exposure to TRI and PER under normal environmental conditions, and to reveal the possible influence of these compounds in drinking water on body burden.
Subjects and methods
The study was conducted with 55 residents of Zagreb (33 women, 22 men; mean age 41.7 years, range 22-83 years), chosen by stratified sampling; the strata referred to residence location. All subjects were without known exposure to TRI and PER or other chlorinated hydrocarbons. Research protocol and questionnaires have been approved by the Institutional Review Board with regard to compliance with regulations for protection of human research volunteers.
Samples of venous blood and 24-h urine were collected from each subject. TRI and PER were determined in blood and trichloroacetic acid (TCA) was determined in plasma and urine. Drinking water samples for TRI and PER measurement were collected from the kitchen tap in the subject's home, after a 20-s run, in Teflon capped glass vials.
Blood and drinking water were analysed on the same day, whereas plasma and urine samples were frozen at -20 °C until analysed.
All analytes were determined by headspace gas chromatography according to the method of Monster and Boersma [12] , with slight modification. The standard addition technique was applied in all blood samples to ensure exact measurements of TRI and PER. The detection limit was 0.015 µg/L for TRI, 0.010 µg/L for PER, 0.5 µg/L for TCA, and 5.0 µg/L for TCE. 
Results
Blood and drinking water concentrations of TRI and PER, and plasma and urine concentrations of TCA, are presented in Table I .
The TRI concentrations exceeded the detection limit in 31 subjects (56.4 per cent) and the PER concentrations in 44 subjects (80.0 per cent). TCA was present in measurable amounts in both plasma and urine. Correlation analyses revealed significant relationships (Table II) .
Discussion
The variation of all results presented is most probably a reflection of different environmental contamination with TRI and PER in the different city areas. The highly significant correlation obtained between TRI and PER levels in drinking water (r = 0.767, p = 0.0000) confirms that these contaminants are usually present in the same proportion. A possible consequence of such environmental contamination is correlation of TRI and PER in the blood (r = 0.428, p = 0.0014) of examined subjects. Presence of TCA in all the plasma and urine samples clearly results from lowlevel exposure to chlorinated hydrocarbons (mostly TRI), which are metabolized to TCA since there is no endogenous production of TCA in the body. The significant correlation obtained (r = 0.629, p = 0.0000) between TCA values in plasma and those in urine was anticipated. Compared with TRI in blood, both the higher percentage of subjects with measurable PER concentration and the higher PER concentration in blood reflect the known difference in TRI and PER toxicokinetics [13] .
In an urban population, Hajimiragha et al. [9] reported some higher values for both TRI and PER in blood and some lower TCA concentrations in serum and urine. However, these analytes were not analysed in the same persons; TRI and PER were determined in one group of subjects and TCA in another. According to Ziglio et al. [3] , the median TCA concentrations in plasma of the inhabitants of Milan were 38. Kido et al. [7] studied well-water contamination by PER and found that PER could be detected in the blood of inhabitants who drank water from wells in which the PER concentration exceeded 120 µg/L. However, Kido et al.'s detection limit of PER determination was very high, i.e., 0.5 µg/L.
The TRI and PER concentrations found in drinking-water samples from Zagreb were higher than those reported for 100 cities in the former Federal Republic of Germany in 1977 [11] , and they were lower, compared with the TRI and PER values in the drinking water supply of Milan, Italy [3] and Galicia, Spain [14] .
It is assumed that ingestion constitutes the chief route of exposure to the investigated chemicals. Such an assumption disregards other routes of exposure, e.g., skin absorption during bathing or swimming and inhalation of vapours while showering. McKone [15] indicated that exposure by inhalation to volatile chemicals in tap water may represent as much or more exposure than from fluid ingestion. The contaminants available in the indoor air are mobilized by showers, baths, toilets, dishwashers, washing machines and cooking. The significant correlations between both ln TRI and ln PER in drinking water related to ln TCA in plasma and urine could be a result of the influence of contaminated drinking water on body burden.
Biomarkers are needed to identify and characterize exposure to specific environmental contaminants. Equally important would be adequate studies to assess adverse health effects and risks, which are, unfortunately, very rare.
